Progress in Paleoseismology
in Japan during the 1990s Here we briefly review some geomorphologic and geologic studies of paleoearthquakes along onshore and offshore faults in Japan. First, we summarize studies of the past 10 years. The 1995 Hyogoken-nanbu (Kobe) earthquake, which caused enormous loss of life and property was a turning point in Japanese earthquake research.
Then we review the rapid growth of active fault studies since the 1995 earthquake, especially progress in identifying and dating paleoearthquakes by means of trenches dug across onshore faults.
Finally, we mention a few overseas paleoseismological studies involving Japanese scientists.
II.
Paleoseismological studies during the last 10 years The number of trenches across the active faults in Japan increased from 60 sites on 38 faults before the 1995 earthquake to 163 sites on 84 faults by 1998 (Fig. 1) . The time of the last surface-rupturing earthquake has now been estimated at many of these sites (65%), and some of the paleoearthquakes inferred from trenching can be correlated with events in historical documents.
However, only 10% of trench sites record more than three earthquakes, which makes it difficult to estimate recurrence intervals.
Two trenching studies are summarized below : (Fig. 2) is one of the most intensively studied and fastestmoving onshore fault systems in Japan.
The average slip rate in the central part of the system is 7 to 14m/kyr (Ikeda and Yonekura, 1986 ; Fujimori, 1991 ; Okumura et al, 1994a 1988 ; Okumura etal, 1994a Okumura etal, , 1998 .
The elapsed time since the last earthquake is more than 1,150 years, whereas the average recurrence time inferred from trench data near Matsumoto is probably less than 1,000 years (Okumura et al, 1994 a).
The most recent earthquake ruptured at least the northern and central parts of the ISTL ; the rupture length was about 110km. The slip during this event is estimated at 6 to 9 mnear Matsumoto (Okumura et al, 1994a) . But slip in earlier events was not the same as during the last one. Moreover, recurrence intervals at other trenches are probably two or three times longer than at Matsumoto.
Thus, results so far are not precise enough to estimate the exact location and size of the next earthquake.
Despite these uncertainties, paleoseismic results from the ISTL are the main basis for the first official warning of seismic risk on a specific active fault in Japan. The warning, announced by the Government of Japan in September 1996, states that the northern and central parts of the ISTL are likely to rupture within the next few hundred years and that the magnitude will probably be 8.0 to 8. Trenching on the Takeyama fault revealed three events in the past ca. 5,500 years with an average repeat time of about 2,000 years. The youngest event occurred at 2,000 to 2,100 yrs BP, slightly before the latest earthquake on the Kitatake fault.
The history of the Kinugasa fault was formerly uncertain because landforms along its trace had been modified artificially.
But trenching in 1998 showed that the Kinugasa fault has ruptured at least twice in the last 13,000 years.
The latest earthquake probably occurred after ca. 2,000 yrs BP. 1939 , 1942 , 1943 , 1944 , and 1967 (Ikeda et al, 1991 Okumura et al, 1994b ).
•EJapanese researchers contributed to the study of the San Andreas fault and related faults in California (e.g. Schwartz et al, 1998) . Coastal areas and offshore faults : Some international work has focused on coastal tectonic land level changes.
•ENew data on Holocene coseismic uplift was obtained during a joint project on the east coast of North Island, New Zealand, adjacent to an active plate boundary (Ota etal, 1991b (Ota etal, , 1992 
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